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Introduction
Intracranial dural arteriovenous fistulas (DAVFs) are abnormal vascular connections located within the walls of a dural sinus or an adjacent cortical vein 1 . While many of the patients have a benign clinical course, others may suffer from severe neurological complications and have a debilitating outcome. Retrograde leptomeningeal venous drainage is a dominant angiographic feature associated with neurological complications. Whereas it has been shown that dilated leptomeningeal veins associated with DAVFs can be detected by magnetic resonance imaging (MR) 2 , the appearance of dilated deep medullary veins on MR in DAVFs and its clinical significance have not received wide discussion. We have observed this feature in some of our patients presenting DAVFs with retrograde leptomeningeal venous drainage. Our purpose is to demonstrate dilated deep medullary veins within the brain on MR in this group of patients and to try to correlate with the clinical severity of DAVFs.
Summary
Patients with dural arteriovenous fistula (DAVF) are at higher risk of developing neurological deficits when there is retrograde leptomeningeal venous drainage. Our aim is to demonstrate the presence of dilated deep medullary veins in the brain on magnetic resonance imaging (MR) in this group of patients, and to assess their clinical significance. Nine patients with angiographically proven DAVF associated with leptomeningeal venous drainage who had MR before treatment were studied. MR was performed in at least two orthogonal planes before and after gadolinium administration. The dural fistula was located at the cavernous sinus in five patients, at the transverse-sigmoid sinus in three and at the tentorium in one. 
Patients and Methods
From july 1998 to june 2001, 45 patients were referred to our institution for angiography and diagnosed to have intracranial DAVF. Fourteen patients had associated leptomeningeal venous drainage by angiography. Nine out of these 14 patients had MR imaging before treatment and were selected for this study. The clinical records were reviewed by a neurosurgeon.
Selective angiograms were obtained in two orthogonal planes. MR imaging was performed on a 1.0 T imager (Magnetom Expert; Siemens Medical Systems, Erlangen, Germany) using a standard quadrature head coil. Standard precontrast MR imaging consisted of axial T1 and T2-weighted images of 5 mm slice thickness, and sagittal T1-weighted images.
Contrast enhanced T1-weighted images were also obtained in all patients with gadopentetate dimeglumine (0.1 mmol/kg) given intravenously. Imaging was performed in both axial and coronal planes.
The angiograms and MR images were interpreted by two independent experienced neuroradiologists.
The following MR findings were noted: dilated leptomeningeal veins, deep medullary veins, and parenchymal abnormalities. Dilated deep medullary veins were recognised as linear vessels traversing the deep white matter of the brain towards the wall of a ventricle. Angiographic features recorded included the sites of fistulas, the leptomeningeal venous drainage pathways, and the presence of venous outflow obstruction. The distribution of the dilated venous structures and parenchymal abnormalities seen on MR were correlated with the retrograde venous drainage pattern denoted on angiograms.
Results
The clinical features and radiological findings of the patients are summarised in table 1. There were three men and six women ranging in age from 39 to 79 years, with a mean age of 65 years.
The clinical presentations were chemosis and proptosis (n = 5), decreased vision (n = 3), ophthalmoplegia (n = 2), headache (n = 1), homonymous hemianopia (n = 1), impaired cognitive function (n = 1), and tinnitus (n = 1).
Angiography showed that the DAVFs were located at the cavernous sinuses (n = 5), at the transverse-sigmoid sinus (n = 3) and at the tentorium (n = 1). All of the carotid cavernous fistulas were of the indirect type with arterial sup-E F ply from the dural branches of the carotid system.
The arterialised blood drained into the Sylvian vein (n = 5), other leptomeningeal veins (n = 6), superior petrosal sinus (n = 2), and pontomesencephalic vein (n = 1). Five patients had occlusion at the antegrade venous drainage pathway.
On MR, dilated leptomeningeal veins were identified in all patients. Dilated deep medullary veins were noted within the underlying brain in six patients (figure 1). In four of these six patients (cases 1, 4, 5 and 7), the antegrade venous drainage was obstructed and there were parenchymal abnormalities. Parenchymal changes included intracerebral haematoma (case 1), venous infarction (case 7), brain oedema (case 4) and T2 hyperintensity in the brainstem (case 5) (figure 2). One patient (case 5) had a venous varix over the cerebral convexity.
The locations of the venous dilatation and brain pathology corresponded closely to the routes of retrograde venous drainage demonstrated angiographically in most patients. Two patients having transverse-sigmoid sinus DAVF (cases 1 and 7) with recruitment of the vein of Labbé had dilated pial and deep medullary veins as well as intracerebral haemorrhage and venous infarction of the ipsilateral temporal lobe (figure 1).
In one patient (case 4) with transverse-sigmoid sinus DAVF draining to a cortical vein over the ipsilateral occipital lobe, MR depicted dilated pial and deep medullary veins of the edematous occipital lobe. Two patients (cases 1 and 2) with fistulas draining to the superior petrosal sinus showed dilated pial veins of the cerebellum. In five patients with DAVF involving the cavernous sinus and Sylvian vein recruitment (cases 2, 3, 5, 6 and 8), dilated pial veins were noted in the Sylvian fissure or over the adjacent brain in four patients and dilated deep medullary veins in frontoparietal regions of the brain in two. The venous drainage pattern of the last patient with DAVF of the tentorium was more complicated. In addition to drainage to the vein of Galen, basal vein of Rosenthal and dural veins within the posterior falx depicted on angiogram, MR also demonstrated dilated deep medullary veins in the periventricular white matter of both cerebral hemispheres.
Discussion
Intracranial DAVFs are uncommon clinical conditions, accounting for about 10-15% of all intracranial vascular malformations 3 . The clinical presentation varies from mild and non-specific symptoms to acute and even life-threatening cerebrovascular accident. The symptomatology and pathophysiology of DAVFs are closely related to the site of involvement of dural sinus(es) as well as the venous drainage pattern [4] [5] [6] [7] [8] .
While many of the patients have a benign clinical course, others may present with aggressive symptomatology and have a poor clinical outcome. Treatment of these lesions, either endovascularly or surgically, can be a challenging task and is not without risks. Therefore, it is recommended that most benign lesions should be treated conservatively and treatment is directed for symptom relief 9 . On the other hand, it is crucial to identify those patients who are at risk of neurological complications and thus demand more aggressive treatment. Currently, a number of classification systems have been advocated aiming at stratifying the aggressiveness of DAVFs [10] [11] [12] [13] . In essence, these grading systems are based on the angiographic picture of the venous drainage pattern of the fistulas. Fistulas showing retrograde leptomeningeal venous drainage are considered as aggressive type and are associated with high risk of neurological complications 1, [5] [6] [7] 14, 15 . In fact, Castaigne et Al reported that up to 42% of fistulas with cortical venous drainage were associated with haemorrhage. In the series of Malek et al of more than 90 patients with transverse sinus DAVFs, more than 33% of the cases were complicated by haemorrhage.
Although angiography still remains the gold standard for analysing the angioarchitecture of DAVFs, it is an invasive procedure not without inherent risk. Previous reports have shown that MR is useful for the evaluation of DAVF, especially in detecting dilated leptomeningeal veins. De Marco et al reviewed their series of 12 patients with DAVFs. They found that eight patients showed dilated cortical veins on MR due to retrograde venous drainage. MR also readily demonstrated associated complications including cerebral infarction and intracranial haemorrhage which might not be apparent on angiography. In Willinsky's series of 13 patients with DAVFs associated with retrograde venous drainage, MR depicted dilated cortical veins in ten 16 . Four patients presented with neurological deficits.
While the interest of these reports focuses on the involvement of leptomeningeal veins, in our literature search there is a paucity of articles describing the MR appearance of dilated deep medullary veins within the brain in this group of patients. 269 which are located within the white matter of the cerebral hemispheres. The radiological anatomy of these veins has been described in the literature 17, 18 . Depending on the location and direction of blood flow, medullary veins are divided into superficial and deep groups. There is a third group of veins that traverse the whole thickness of the cerebral hemisphere from the cortical surface down to the ependymal lining of the lateral ventricles. These are termed tran- scerebral veins. The medullary venous system serves to drain the white matter of the brain, whereas the transcerebral anastomotic veins may be concerned with the regulation of reabsorption of the cerebrospinal fluid 19 .
Medullary veins are intracerebral veins
Superficial medullary veins are short and small. They are difficult to recognise on angiogram 17 . Deep medullary veins are larger and longer. They originate 1 to 2 cm below the cortical gray matter and run deeply through the Deep medullary veins may become dilated in the following situations: 1) developmental anomaly 18, 20 , 2) increased blood flow and venous drainage through the brain 17 , 3) venous congestion or development of collateral venous drainage 21, 22 .
In our series, dilated leptomeningeal veins could be identified on MR in all nine patients, whereas dilated deep medullary veins were noted in six.
The deep medullary veins were readily recognised on contrast-enhanced T1-weighted images as enhancing linear structures traversing the deep white matter of the brain towards the lateral ventricular wall. They may not be seen on pre-contrast images, since they are small and the flow is slow. In four out of these six patients, the drainage pathway of the dis-eased dural sinuses was obstructed. All four patients had brain parenchymal abnormalities shown on MR: venous infarction, intracerebral haematoma, brain and brainstem edema. The brain parenchymal changes and neurological complications were most likely related to venous hypertension and congestion as a result of the incoming arterialised blood being diverted into the leptomeningeal veins. Although our series is small, we believe that dilated medullary veins in association with leptomeningeal venous recruitment indicates a more severe degree of venous congestion, which can be aggravated by dural sinus outflow obstruction. Four of our six patients (67%) with dilated deep medullary veins had either haemorrhagic or non-haemorrhagic neurological complications. On the contrary, the three patients without dilated medullary veins did not have neurological complications. Based on our findings, we can divide patients into two groups based on the presence of deep medullary veins on MR. Patients with dilated medullary veins demands prompt and aggressive intervention.
Medullary veins are located within the brain parenchyma. Dilatation of these veins is a reflection of high venous pressure being transmitted to the brain, and is a sign of venous congestion within the brain. The location of the di-lated deep medullary veins within the brain corresponded to the territory of the arterialised leptomeningeal veins ( figure 1 ). In addition, leptomeningeal venous recruitment in DAVF is known to be associated with intradural haemorrhage 4 . While subdural or subarachnoid haemorrhage is believed to be due to rupture of a dilated cortical vein or varix, intracerebral haemorrhage is likely to be the result of ruptured deep medullary veins. In figure 1 , both the dilated deep medullary veins and haematoma are located in the same temporal lobe.
Conclusions
Deep medullary veins are small draining veins located within the white matter of the brain parenchyma. Our results show that these veins may become dilated in patients with DAVF associated with leptomeningeal venous recruitment and are best seen on post-contrast T1-weighted MR images. Their presence reflects a more severe degree of venous hypertension and congestion. This subgroup of patients has a much higher chance of neurological complications and warrants urgent treatment.
